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I. Work Summary

We continue to push ahead. In the course of our experiments over the
last 4 months, two issues have emerged that we feel are important to resolve and
to which we have devoted considerable effort. The first issue relates to the
exact amino acid sequence of the LBP peptide that is optimal for coupling. This
knowledge is crucial in order to scale up and produce conjugates for testing in
vivo. The second issue, which is related, concerns the number of peptides/IgG
that will be necessary for retaining activity in the bloodstream. These issues,
and our approach to solve them, are discussed below.

Sc as not to lose time while awaiting a large batch of LBP peptide-IgG
with the optimum sequence, we have started to study the stability of peptide-IgG
conjugates in whole blood using the LBP peptides that we have in hand and a
similar LPS binding peptide, CAP18. We hope that these experiments will save us
time once we have the optimum LBP sequence and we are ready to scale up.

A. Proaress on Specific Aim #I

At the start of the summer we were on tha verge of submitting our manu-
•.g script on the exact peptide sequence of LBP that was necessary for binding and

neutralization. However, we were bothered by sowething that we noted when we
analyzed bhe data concerning the ability of the pepLides to block LPS binding to
the LPS receptor on cells (CD14). The peptides that we had constructed with a

Wd terminal cysteine residue on the carboxy terminal were more active than a series
~ • of control peptides that were missing the cysteine reuidue. In addition, some

peptides with ar additional 4 amino acids on the carboxy terminal end also had

"i higher activity. These findings caused us to review all of our prior LPS
Fu binding and neutralization data.

J- Ordinarily cysteine is involved in forming the structure of disulfide
0. bridges. Cysteine is usually not an amino acid that accounts for activity per

se. We constructed our most active peptides with a terminal cysteine in order

- - to couple the peptides to IgG via a disulfide bond. Thus, there was a general
trend that the peptides that we had worked with the most had a terminal cysteine
for coupling (in particular different lots of LIP76-102C and LBP86-102C). Since
the LBP-IgG conjugates that we constructed have activity, we had not designed
specific experiments to test for the activity of the cysteine. In addition,
some lots of a slightly longer peptide (LBP86-106) had somewhat higher activity
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in some of the assays on a molar basis than LBP86-102C. Furthermore, the single
construct that we had of LBP86-102 (without the terminal cysteine) bound LPS
well, but blocked binding to CD14 only modestly. Since cysteine can
spontaneously form disulfide bridges in the oxidized state, these findings
raised the possibility that a small proportion of the peptide that were studying
had spontaneously dimerized in vitro after synthesis, and that some of the
strikin g functional activity that we were measuring was due to steric hindrance
of the dimerized peptide. Although dimerization would have little effect on our
conjugates because the presence of a single cysteine could only form a single
peptide-IgG link, this could be an important issue in designing more potent
peptides or more efficacious peptide-IgG conjugates. Furthermore, we wished to
state for the purposes of the article that we had conclusively identified the
active LPS binding moiety of LBP.

To directly study this issue, we generated new sets of peptides spanning
this region (LBP86-102, LBP86-106, LBP94-102, LBP94-106) with and without a
terminal cysteine. We evaluated this new set of peptides in all of our binding
and neutralization assays. It soon became apparent that there was something
different with these peptides. They had only minimal and erratic activity and
they were poorly soluble. We repeated the synthesis, and had similar results.
A very frustrating six to eight weeks was spent working at all hours evaluating
the peptides and seeking the problem. Finally, we discovered that the cleavage
solution used to elute the peptides from the synthesis resin had been altered.
We yet again resynthesized the peptides, this time using the old cleavage
solution. We also synthesized the same peptides on a different peptide
synthesizer, and submitted samples of both sets of peptides for mass spec-
trophotometer analysis for purity. This time we obtained decent binding and
neutralization with both new sets of peptides. Our results suggested, but were
not conclusive, that there may be some dimerization of the peptides with the
terminal cysteine, that the LBP86-102 peptides with cysteine were somewhat more
active in blocking LPS-CD14 activity than the same sequence without cysteine,
and that the LBP86-106 sequences retained blocking activity in the absence of
cysteine. These data suggested that the LBP86-102 sequence is needed for
binding, but that additions on thu carboxy tail might increase blocking
activity, perhaps by adding steric hindrance.

To definitively test this hypothesis, we are constructing the following
peptides:

LBP86-102C
LBPC102-86 (completely reversed sequence with cysteine)
LBP86-106C
LBP86-102-106-105-104-103C (LBP86-102 plus last four amino acids of 06-106

in reversed order, with C)

Each of the above peptides are being generated to be reduced, deliberately
dimerized, and treated by a blocking reagent to prevent dimerization.

These experiments are in progress. We plan to assess these peptides in - "
all of our assays. We hope that they will directly and definitively address the 0
issue of dimerization, and whether the additional 102-106 tail is functioning
not by increasing binding, but by blocking LBP-CD14 interactions. The reversed
sequences will have the identical charge and hydrophobicity, but should have
less activity because of the scrambled sequence.
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In summary, it has been a frustrating time, Lin particular because the
article on these L-equences was completely written and warn ready to submit- in
June. However, rather than get it wrong we hold the article. We think that we
have gained Insight on the mechanism of the active L81' peptides. tie hope we are
not scooped on the work, and plan to iiubmiLt the articlo the moment thim last. set.
of experiments is cut.

a. prgreog on Svecific atm 12

As noted in the last report, we have not worked on idenLifyiny Lthe LPN
binding site of BPI. This work has been overshadowed by the o~ter Wor~k Lit
progress on LBP.

C. Proareras on Specific Aa~m 13 and 14

Two issues that will. be Important f or the Linal bpapLdw-Iiu uliiijugute
will be to optimize the number of peptidela/IgG and the techlnual noLM&Ats tif tim.'

poptide/IgG 1Lnk.

1. Study of the number of peptidem/lyU

We have developed both LUP and CAI'lU uonjugaLe. wLIt VAa'yklya 1161AL1umaibea uf
* peptide/IgG by altering the molar concentration ot the pepLide dur~iiV tits

coupling procedure. We next compared the Cunutional abLILity Or tile ULKftsaema
conjugates for the ability to bind and neutralize LLN slid kill. trana-ielyative
bacteria. These experiments indicate clearly that the actLvit.y ot the tii~uuan~se

- ,to bind, neautral~ize, and kill Gram-negative oryaniusm (Lit ithe %tam. i L-.
conjugates) is directly proportional to the naumbeLr of cuptas ur tipLd*/lIhU
Accordingly, conjugates with 4 or move pe.L~dvs/l1gJ ave tile mswt aut~ive. Vut~u&"
in v-iv.) experiments will need to ansesm i1 there is a duwnimidw to ousijugate.
with many paptidefs/IgG wilth respecut to clearanve, stabil~ity, vi.. tuxiULty. VAUsL
may alwo be a factor. At this stage, conjugates with higher, ansiui& uL' pea'i id""
are exponeantial~ly mort; expenstive to prudouv becausne even. high41er UUnoLan 1UAa-
centrationo of paptide are needed at the Lttl~e olf uaulLiny to Wait, weletiveLy
small increases In the number of peptidvs/lVJ. If eveut~ually a %cunjugai-.. volites
into clinical. use, a molecuular appeoacuh to produuctiwi would .Likely "e sitediod Lsi
which the additional cost of adding mores popLidud/IyU wotili ties uimiimiiial.

2. Study of tho optimal hoterobi~functional Iliuker

We have otartwd to study the stability of tile conjugates Litn buf ien and
blood. We begana our work uning conjugates tuade with Lthe 1bgutumncLulael lillken.,,
SkDP. At the time of t~iei last rep-ort, we had started to study Ltie use uif a d~i-
ferent, more stable haterobliunctional linker, Uj1I'T. A YGIa CUr' this tn.i~mlwNe&
was study to the atability of conjugatesa wade With thwas. di!tre;.untL h1ilke's ill
whole bl~ood. SHIPT has the advanatage that Ltie disulfide buind haw lat-yu msullucuhaiLjweight groups around tho dimufide borid between tite istoLidw alid Iyu, thum
diminiahing reduction ci' thes bond In vivo.

ovor the last; tour naicanthil We haXve gnsaedUGVGLal batulne. uf LU&Ihua
102-l9G and CAPlB-IgG with bot~h UL'OP and WkaOT alid evaluated Otiaei ULinalag
affinity and otability in whole blood.. Thu Uuunjugatee0 WeI-e 111:illuubtiaed Ill JU%
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|tuna]. linkers muntioned above. The two aLSayu that we will focus on regarding
utability will be the ability to bind LPS over tima and ths' ability to block
lS-iGIduced TNF over time.

4. min iluue related to #3 above that seems important to study is whether the
u011jugates ace taken into WUC. It Lu possible that one reason that the activity
of the uonjugates slowly diminish over 24 hour. irn whole blood is that they are
takean into uall. Issues that we will begin to study area

a. are the conjugates taken into WUC in the bloodstream?
b. if so, is the uptake via Fo receptors?
u. Is upLaks inoreased if LPS Is bound to the conjugate? Do the

auuvuyateu incur.ane phagocytomis of LPS?

I. We plait tv b-gian exlpeimauents studying the ability of the conjugates to bind
aild aiuutraliso bauteria (nm opposed to purified LPS).

b. A yoal that we hupe) to yet to in the next trimester is to generate peptides
with 4. to aid Lia the chaarawteizlation of the conjugates and their stability
as|u wISAL'a.lws ill vLvo.

V. I~J.m•.a

The fulluwisy a'ticleas ax'u in press or submitted.

1. Kluuaewiak 14, Ulauk 104, Loluelle P, Cavaillon J14, Wainwright N, Warren HS.
UNyiheis.Lu LwaLsLwe that. mitiu the biadinyT site of horseshoe crab anti-
lijk.JfrP.lyMa..'hns'l,1 fealtit. Ill ,'uus, Dec. 1994, J. Infectioui Disease.

1. Wa&.O1 HAI, Ulauk KH, Lutetlle I'L. Hangs and distribution of natural
aktLLuIiew Lou thu U-aatLiyvi uo lipoipAlysaucharides in human plasma. Submitted.
(Thil MtLiule wan fuladod it sal:lL, by tLa1 pLeCeding Navy grant).

Aw tiutud above, we hold submission of the following article about the
bilidLitiy tlLe uL L.1,' 'ejoadiaay doqieiitiva conclusions regarding the issues relating
Lu disa ,tiaLluaim, lessW.1t, asad steri~c hindvance, and structure-function (binding-
saut.a all wiAtiu1) L'wla LIuslwhiLJC.

1. Wakiess 1iM. Cavailluit dM, Luiuelle V, Uw Y, Ulack K, Xaneot U, Fitting C,
uLhlsts•sousii U, Vaisaulwaa MW, Uz•wLl it, Kloczewiak H. Identification of a major
hwl' bLidis.y uiLt.e of lIpoulysounaslaridw binding protein.

We sa:m LLi t Lhu 1 a •u aw Iu ppariny the first article on peptide-IgG con-

itiyatew. Thin at•Lule will daemucibe the concept and our early conjugates using
T'LV -u,!LiduM uuOk',hd LU- mk5i5i'o a•d almiti1 uGO. We plan to follow this article
mubUeqd|iass. a&i'Ltul•e UA1lU-1a,$' uoanjugatou and LUP-.IG conjugates (binding and
iswutLaliimtlusa data). Thu data anid tablaws foi: each of these articles is
OuIiptwLw asad iu awaitisai dxAftiti oJf the amisaruvcriptu.
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VI. Leaend-

Figure 1. Stability of CAP18-IgG conjugates in 20% whole blood over time. Ten
ug/ml of CAP18-IgG conjugates made with SPDP or SMPT were preincubated in 20%
whole rabbit blood for varying times. Two ug/ml tritiated E. coli 025 LPS were
then added. Thirty minutes later, an excess of rabbit anti-human IgG coupled to
magnetic beads was added. The beads with the captured conjugates with bound 3H-
LPS were then magnetically separated and the percent LPS captured assessed by
liquid scintillation counting. Identical experiments with LBP-IgG conjugates
are awaiting construction of conjugates with LBP with the finally selected LBP
sequence.

F 2. Stability of CAP18 peptide and CAP18 conjugates made with SMPT or
SPDP in 20% whole blood as assessed by inhibition of LPS-induced TNF production.
Five ug/ml normal IgG or CAP18-IgG conjugates or equal molar quantities of CAP
18 peptide (0.27 ug/ml) were preincubated in 20% normal human blood for dif-
ferent times followed by the addition of 100 ng/ml LPS. Four hours later, the
plasma was separated and assessed for TNF by bioassay. Longer incubation times
are not possible because of the spontaneous induction of TNF. In this
preliminary experiment the SMPT version of the CAP18-IgG conjugate inhibited
after 90 minutes incubation in whole blood, whereas equimolar CAP18 peptide and
the SPDP version of the conjugate were inactivated over time. Identical exper-
iments with LBP-IgG conjugates are awaiting construction of conjugates wit~h LBP
with the finally selected LBP sequence.
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